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NEWTONIAN AERODYNAMICS FOR CIRCULAR CONES MODIFIED 

TO PRODUCE LJFT AT ZERO ANGLF OF ATTACK 

By Barbara J. Short 

Ames Research Center 

SUMMARY 


A parametric study w a s  conducted t o  determine the  t h e o r e t i c a l  aerody
namic cha rac t e r i s t i c s  of r i g h t  c i r c u l a r  cones modified t o  produce L i f t  a t  
zero angle of a t t a c k .  I n  t h e  modification, por t ions  of the  cone ly ing  above 
and behind an incl ined plane surface were removed. Newtonian impact theory 
w a s  used t o  express force  and moment coe f f i c i en t s  as funct ions of t h e  manner 
i n  which the  cone i s  terminated by t h i s  cu t t ing  plane a t  the  base.  I n  addi
t i o n ,  re la t ionships  were formed that a l l o w  l imits of acceptable design and 
performance cha rac t e r i s t i c s  t o  be imposed, such as lower l imits  of usefu l  
volume and l i f t - d r a g  r a t i o s ,  assurance of maintaining supersonic flow over 
the  t r a i l i n g  edges, and the  permissible range of center-of-gravity loca t ions  
t o  assure  t r i m  a t  zero angle of incidence.  The configurations studied sug
ges t  t h a t  it i s  p r a c t i c a l  t o  trim cones a t  a useful l e v e l  of l i f t - d r a g  r a t i o  
without inc l in ing  the  a x i s  of t he  bas ic  cone r e l a t i v e  t o  t h e  airs t ream. 

INTRODUCTION 

Vehicles re turning t o  e a r t h  from space f l i g h t s  t o  nearby p l ane t s  w i l l  
en te r  the atmosphere a t  speeds considerably grea te r  than returning lunar  
vehicles  (up t o  twice as g r e a t ) .  With increased en t ry  speeds, configurations 
t h a t  minimize the  heat  input change from blunt  bodies t o  conical  shapes, and 
minimizing hea t  input can be a very important consideration a t  such speeds. 
The rad ia t ive  heat  input predominant f o r  blunt  bodies a t  hyperbolic speeds i s  
reduced or even made negl igible  by use of bodies with oblique bow-shock waves 
(cones).  The convective heat input  i s  increased, however, so optimum cones 
have been sought tha t  minimize the  sum of convective and r ad ia t ive  heat 
inputs  f o r  any specif ied s e t  of en t ry  conditions ( r e f .  1). 

One a t t r a c t i v e  method of generating l i f t  with cones i s  by the  use of an 
oblique base plane ( r e f .  2 ) .  This modification of a cone trimmed a t  zero 
angle of incidence has the  added bene f i t  of avoiding crossflow e f f e c t s  t h a t  
a r e  detr imental  t o  r e t a in ing  laminar flow, a requirement f o r  minimum t o t a l  
heat input .  The aerodynamic c h a r a c t e r i s t i c s  f o r  a family of such configura
t i o n s  a r e  shown i n  reference 3. Configurations with usefu l  volume d i s t r ibu 
t ion ,  however, appear t o  be l imi ted  t o  e i t h e r  low l i f t - d r a g  r a t i o s  or cone 
angles smaller than the  optimum. I n  t h e  present  inves t iga t ion ,  therefore ,  a 
parametric study w a s  undertaken t o  examine other arrangements f o r  terminating 
cones t o  obtain usefu l  l i f t - d r a g  r a t i o s  while maintaining acceptable design 
and performance c h a r a c t e r i s t i c s .  To simplify t h e  ana lys i s  and t o  i l l u s t r a t e  
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t h e  va r i e ty  of c h a r a c t e r i s t i c s  a t t a inab le ,  only plane surfaces  w e r e  used t o  
terminate r i g h t  c i r cu la r  cones. Undoubtedly, more complicated t e rmha t ing  
surfaces  can be found that give more des i rab le  c h a r a c t e r i s t i c s .  

NOTATION 

A base area of unmodified cone 

a normal dis tance from cone a x i s  t o  in t e r sec t ion  of terminating surface 
with cone base divided by base rad ius  ( f i g .  1) 

b t a n  0 t a n  6 

drag
CD drag coe f f i c i en t ,  -sa8 

lift 
CL l i f t  coe f f i c i en t ,  -

qc5A 

c2 rolling-moment coef f ic ien t  , r o l l i n g  moment 
qcoAd 

‘m pitching-moment coe f f i c i en t  ,pi tch ing  moment 

%Ad 

CN normal-f orce coe f f i c i en t ,  normal force  

L A  

‘n yawing-moment coe f f i c i en t  , yawing moment 
qc5Ad 

cP 
pressure coe f f i c i en t  

CX axial-force coe f f i c i en t ,  a x i a l  force 

%* 

CY l a t e ra l - fo rce  coe f f i c i en t ,  l a t e r a l  force  
%A 

d base diameter of unmodified cone 

J parameter defined by equations (6) 

2 a x i a l  length of unmodified cone 

-L l i f t  -drag rat i oD 

P r o l l i n g  angular ve loc i ty  

4 p i tch ing  angular ve loc i ty  
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% free-stream dynamic pressure 

r yawing angular ve loc i ty  

S t o t a l  wetted surface area of forebody 

sste supersonic t r a i l i n g  edge 

v f r e e-stream ve loc i ty  

-vO1 r a t i o  of volume t o  volume of unmodified conevole 

X a x i a l  distance from cone apex 

xu a x i a l  distance from cone apex t o  in t e r sec t ion  of t h e  terminating 
surface and t h e  upper cone surface (sketch ( e ) )  

Y l a t e r a l  dis tance from cone a x i s  

Z v e r t i c a l  distance from cone a x i s  

Z t  v e r t i c a l  dis tance from cone a x i s  t o  in t e r sec t ion  of the  terminating 
surface and t h e  cone base (sketch ( c ) )  

U angle of a t t a c k  

P angle of s ide s l i p  

6 angle of terminating surface measured from the  v e r t i c a l  ( f i g .  1) 

e half-angle of cone 

w cy l ind r i ca l  coordinate of cone, sin-’ (x t:n e )  ( sketch (a> 

W 1  cy l ind r i ca l  coordinate a t  in t e r sec t ion  of terminating surface and cone 
surface (sketch ( e ) )  

Subscri pts 

0 coef f ic ien t  calculated f o r  xcg = zcg = 0 

cg center of g rav i ty  

cv center of volume 

-P p a r t i a l  der iva t ive  with respect  t o  Pd as p 4 0 and 
a = P = q = r = O  v 
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q p a r t i a l  der iva t ive  with respect  t o  qd as q + 0 and 
a =  p = p  = r = O  

rdr p a r t i a l  der iva t ive  with respect  t o  -v as r 4 0 and 
a = p = p = q = o  

a p a r t i a l  der iva t ive  with respect  t o  a as a 4 0 and p = p = q = r = 0 

p p a r t i a l  der iva t ive  with respect  t o  P as p + 0 and a = p = q = r = 0 

ANALYSIS 


The coordinate system shown i n  sketch (a) w a s  chosen t o  f a c i l i t a t e  t h e  
in t eg ra t ion  of l o c a l  pressure over t he  cone surface t o  obtain t h e  t o t a l  

fo rces  and moments. The o r ig in  i s  
a t  t h e  cone apex, t he  x a x i s  i s  

C p  cos B sinw coincident with the  a x i s  of revolu:px CPCOS8 cos w 
t i o n ,  and t h e  coordinates y and z 

(j-yos~ a r e  measured perpendicular t o  t h e  
Y a x i s .  With respect  t o  t h i s  system, 

t h e  components of force have the  
same pos i t i ve  d i rec t ions  as t h e  x, 
y ,  and z axes. Thus, t he  coef f i 
c i e n t s  of force  a re  seen t o  be 

s i n  8 dS 

XCg 4 
Sketch (a) 

Cx = ij'Cp 

cN = - iJ cp cos 8 s i n  W dS 

where dS = x t a n  8 sec 8 d w  dx. 

Y 

tbXYOW 

z z 

Sketch (b)  
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The s ign  convention chosen f o r  
t h e  components of moment i s  i l l u s 
trated i n  sketch (b)  where t h e  posi
t i v e  d i rec t ions  of t he  components 
are indicated by the arrows. Thus, 
t h e  coe f f i c i en t s  of moment about an 
a r b i t r a r y  center-of-gravity loca t ion  
are 

x 



cm = - [ ( x  see2 e - xcg)Gp cos 8 s i n  W - zCg$ s i n  8ldS (2b 1Ad 

Cn = Ad f ( x  see2 e - xcg)Cp cos 8 cos w dS 

The components of angular ve loc i ty ,  p ,  q, and r ,  have t h e  same pos i t i ve  direc
t i o n s  as t h e  components of moment, respect ively.  I n  addi t ion,  a i s  pos i t i ve  
when the  cone i s  a t  pos i t i ve  p i t c h  and P i s  pos i t i ve  when the  cone ‘is a t  
negative yaw. 

Equations (2)  have been wr i t t en  f o r  t h e  center  of appl ica t ion  of t he  
r e su l t an t  force  located on t h e  x a x i s .  This center of force  corresponds t o  
the  center of pressure f o r  a symmetric body. For t he  present  case of an 
unsymmetrical, cutoff  cone i n  which the center  of pressure i s  not on t h e  x 
ax i s ,  t he  center  of appl ica t ion  of t h e  r e su l t an t  force i s  defined as the  
poin t  where the  r e s u l t a n t  force i n t e r s e c t s  t he  x ax i s .  The moment a r m s  a r e  
defined r e l a t i v e  t o  t h i s  po in t  of appl ica t ion  i n  t h e  use of equations ( 2 ) .  

The bas ic  assumption of Newtonian 
impact theory i s  that the  flow, upon 
s t r i k i n g  the  body, l o ses  i t s  component 
of momentum normal t o  t h e  surface,  and 
only those por t ions  of t h e  body under 

Q X &*d i r e c t  impact from t h e  stream w i l l
Y 

experience a pressure force .  If the  
cone i s  terminated by a plane a t  an 
angle, 8 ,  from t h e  v e r t i c a lL l+ (sketch ( c ) )  , the  in tegra t ion  proceeds 
only over t h a t  por t ion  of t he  cone 

Sketch ( c )  receiving compression flow. The pres
sure coe f f i c i en t  i s  assumed t o  be zero 

on t h e  shel tered surfaces .  Thus, t he  coe f f i c i en t s  of force can be evaluated 
by t h e  following in t eg ra l s :  

cy = - tan e (2 s,’Jn Cpx cos dw dx - s f fi-wl 
Cpx cos W d w  dx 

nd2 xu w 1  

( 3 4  
The coe f f i c i en t s  of moment can be evaluated by t h e  following in t eg ra l s :  
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c, = ad3 cos2 0 
Cpx[(x - xcg cos2 @ ) s i nw - zcg s i n  8 cos 0ldw dx 

cn -- fid3 cos2 8 
%X(X - xCg cos2 B)cos W d W  dx 

kt a = 2(zt/d) and b = t a n  8 t a n  6, then 

d ( 1  + ab) 
% = m a n 8  

w1 = sin-' 
(1+ ab) - 2(x/d) tan 8 

2b(x/d)tan 8 

According t o  impact theory,  t he  pressure coe f f i c i en t  i s  ( r e f .  4 )  

cP 
e cos a cos p - cos 8 s i n  w s i n  a cos + cos 8 cos w s i n  p 

- + (j-)cgcos e cos w - + [$ - (:) cos2 e] sec e cos w 
cg 

cos2 8 s i n  w - (:)cg s i n  e cos e 

Let 
J =  

2 ( 1  + abl2 cos -1 a + b  
1+ ab 

f i ( 1  - b2)5'2 
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I - -

Thus, when a = p = p = q = r = 0, 

cX = CD = s in2  0 [2 - :c0s - l  a + J(l - b2) - 2 b ( l  + ab),/

f l ( 1  - b2) i 
f o r  b f 1 (7a) 

= sin2 0 [2 - ;2 cos -1 a + 2(2 + a ) d T Y 71 f o r  b =  1 ( 3 )
3fl 

~(2% = 2 s i n  0 cos 0 [Jb(l - b2) - 2b(a + b)n] f o r  b f 1 (7c) 
~ f i ( 1  - b2) 

= 2 s i n  8 cos 8 [4(1 - ;n""] f o r  b = 1 (7d) 

cxq = cxq0 - (:)c;L + 

The subscr ipt  0 ind ica t e s  t h e  coef f ic ien t  for xcg = zcg = 0. Thus, C 
X S O  

i s  t h e  der iva t ive  of t he  a x i a l  force due t o  p i tch ing  about t h e  cone apex and 
i s  given by 

Cx = Jb(1 + ab)  - 2m [3(a + b ) ( l  + ab)  + 2 b ( l  - a2)(1- b2)] 
90 3n(1 - b2)2 

f o r  b # 1 (7f )  

f o r  b = 1 (7g) 

cy = 0 (8a) 

= -cos2 0 [ 2  - 5 cos-1 3. - 4 (l+ab) 
c0s - l  a + 25 

(1-b2) + 2 ( 2 + 3 a b ) J m ]  
cyP 3R12 b2 3r1 

f o r  b f l (8b) 

= -cos2 ,[2 - cos-' a - 4(1+a)2 
sc cos -1a + 2(4+5a)-isc 

for b = 1 (8c) 
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4 

(W 

CY, - + (:)c2B (8e) 

--
3 tan 0 

(.- 5 c0s-l a + J(1-b2)(l+ab) - 2 b J 3  [(l-b2) + (a+b)21)
*(1-b2) 

f o r  b f 1 (8f) 

1
-- 3 t a n  0 
Q - 5 c o s - l a  + 3* [3a + *(l-a2)]} f o r  b = 1 ( 8 g )  

-CN = CL = s i n  0 COS 0[Jb(1 - b2) - 2b(a + b ) m  1 for  b # 1 (9a) 
*(1 - b") 

= s i n  0 cos 0 3* 
f o r  b = 1 (9b 1 

(1- b2)(2b2 - 1) 
= cos2 0 {2 - 5 cos-' a + k ( 1  + ab)2  c0s-l  a + 2 J  

'Na 3ib2 b2 

- 2m [(l - b 2 ) ( 1  + ab) + (1- a2) + (a + b l 211Xb(1 - b2) 

f o r  b # 1 ( g c )  

2 
= cos2 0[2 - 2 cos-' a + -* (1+ a12 cos-' a - 2(8 + 13a)J

3fl 1 
f o r  b = 1 (9d) 
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"so -- 3 t an  0 {2 - 5 c o s - l a  + J(l + a b ) ( l  + 2b2) 

~~ 2m [3(1 + ab)2 - a(a + b ) ( l  - b2)]} f o r  b # 1 (gf )
R ( 1  - b2)2 

--
3 t a n  8 

-
R 

c0s- l  a + 
15s [15 + 3(1 - a) - 14(1 - a2)]} 

f o r  b = 1 (gg) 

c 2  = 0 

Recal l  t h a t  the  subscr ipt  0 ind ica tes  t he  coe f f i c i en t  f o r  xcg -- zcg = 0. 
Thus, h0 i s  the  coe f f i c i en t  of p i tch ing  moment about t he  cone apex: 

Cmo = -J 
b ( 1  + ab) + [2b(l - a2)(1  - b2) + 3(a + b ) ( l  + ab) 

2 3 n ( l  - b2)2  

f o r  b # 1 ( l l b )  

fo r  b = 1 ( l l c )  

c% = C"a0 + 
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- -  

%Lo = - 3 t a n  0 (.- c o s - l a  + J ( l  + a b ) ( l  + 2b2) 

-	 2o [3(1 + ab)2 - a(a + b ) ( l  - b2)]} f o r  b f 1 (12b)
x(l - b2)2 

f o r  b = 1 ( l 2 c )  

.- 1 (.- 5 cos-’ a + J (1+ 4b2)(1  + ab)2  

%SO 8 s in2  e (1- b2) 

-*[3(3 + 2b2)(1 + ab)3  + 3(1 - b 2 ) ( 1  + ab)2  
3a(1 - b2)3 

-	 3a(a + b ) ( l  - b2)2  + (1- a2)(1 - b 2 ) ( 1  + ab)]} 

f o r  b # 1 (l2e) 

- 130(1 - a2) + 26(1 - a ) ( l  - a2)]} f o r  b = 1 ( l 2 f )  



- -  

‘np0 
-- 3 t a n  (2 - cos-’a + J(l - b 2 ) ( 1  + ab) 

- 2m [(I - b2) + (a +.’”I> f o r  b f 1 
a(1 - b2) 

f o r  b = 1 

‘nr0 - 8 s in2  e 
- $ cos-‘ a + J(l + ab)2  

2m [3(1 + ab)3  + ( 5  + a2)(1- b 2 ) ( 1  + ab) 
3rr(l - b2)2 

f o r  b = 1 (l3h)  

DISCUSSION O F  RESULTS 

To ind ica te  t h e  nature of t h e  r e s u l t s  obtained from these  equations, 
numerical ca lcu la t ions  are presented f o r  a 30° half-angle cone. Figure 1 
shows t h e  va r i a t ion  of l i f t - d r a g  r a t i o  with t h e  angle of t h e  terminating sur
face,  6, f o r  various values of a. The configurations of i n t e r e s t  have been 
l imi ted  t o  those fo r  which 6 I 90’ (no windward-facing sect ions of t h e  t e r 
minating plane)  and t o  those t h a t  r e t a i n  the  apex of t he  cone, b = -l/a, when 
a i s  negative. These l imi t a t ions  are shown on a p l o t  of a versus 6 i n  
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f igure  2. A s  can be seen, those configurations f o r  which t h e  terminating 
surface i n t e r s e c t s  t h e  base of t h e  cone below t h e  axis a t  la rge  values of 6 
a r e  immediately el iminated.  

If it i s  desired t o  l i m i t  the acceptable configurations t o  those having 
l i f t - d r a g  r a t i o s  greater than or  equal t o  some lower l i m i t ,  a curve of con
s t a n t  L/D superposed on f igu re  2 w i l l  quickly ind ica te  which configurations 
a r e  acceptable.  Figure 3 shows that a requirement of L/D 2 1/2 el iminates  
a l l  those configurat ions with 6 < 2 6 O  and most of t h e  configurations f o r  
which t h e  terminating surface i n t e r s e c t s  t he  base OP the cone above the  a x i s .  

If it i s  desired t o  keep t h e  component of ve loc i ty  normal t o  t h e  cutoff 
edge supersonic t o  prevent induced crossflow e f f e c t s ,  then the  sweep angle of 
t he  terminating edge must be l o c a l l y  always grea te r  than the  Mach angle (a 
more s t r ingent  requirement than preserving the  cone apex).  If the  Mach number 
i s  near 5 on t h e  surface of t h e  cone ( r e f .  5 ) ,  then t h e  Mach angle i s  about 
120 and 

tan-'(a t an  e )  + tan-'(l/tan S )  > 12' 

which reduces t o  

a t a n  e > t an (6  - 78') 

This l imi t a t ion  superposed on t h e  previous f igu re  i s  shown i n  f igu re  4.  The 
l i n e  labeled supersonic t r a i l i n g  edge i s  the  l i n e  described by 

tan('6 - 78')
a =  t a n  8 

I n  addi t ion,  if it i s  desired t o  specify a minhum acceptable volume, 
t h i s  boundary can be determined from t h e  following: 

vole 
= Lfi-g-I&Ti c 0 s - l  a + J(l - b 2 ) ( 1  + a b ) - '- [(l - b') + (a + b)']}

2 X ( 1  - b2) 

f o r  b # 1 (15a) 

A l imi t a t ion  of configurat ions with volumes equal t o  or grea te r  than half  
that of t he  unmodified cone i s  shown i n  f igu re  5, again superposed on the  
previous f igu re  . 

These l imi t a t ions  cross-plot ted on f igu re  1are shown i n  f igu re  6. It 
can be seen t h a t  t he  maximum L/D i s  about 0.9 f o r  a 30' half-angle cone 
with a volume r a t i o  of 1/2 and supersonic t r a i l i n g  edges. 
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For a vehicle  t o  t r i m  a t  zero angle of incidence, 

t he  center  of grav i ty  m u s t  be located on t h e  l i n e  described by 

This l i n e  i s  drawn i n  f igu re  7(a) for  t h e  p a r t i c u l a r  configuration of 
6 = 60° and a = 0 .  For t h e  vehicle  t o  be longi tudinal ly  s tab le ,  

t h e  center  of grav i ty  must be located forward of the l i n e  described by 

c%o cxa 
(;)cg = - -'No, + cNa (:)cg 

as indicated by t h e  so l id  l i n e  i n  . f igure 7 (b ) .  For d i r ec t iona l  s t a b i l i t y ,  

t he  center  of grav i ty  must be forward of -Cnpo/Cy P as indicated by the  

broken l i n e  i n  f igure  7 ( b ) .  The s t a t i c  s t a b i l i t y  l i m i t  on the  center-of
g rav i ty  loca t ion  i s  d i c t a t ed  by t h e  longi tudina l  s t a b i l i t y  f o r  t h i s  case.  
The in t e r sec t ion  of t he  l i n e  f o r  zero angle of trim ( f i g .  7 (a) )  and the  l i m i t  
l i n e  f o r  s t a t i c  s t a b i l i t y  (Pig.  7 (b ) )  i s  here inaf te r  ca l l ed  the  af t  cg posi
t i o n .  I n  addi t ion,  of course, t he  center  of g rav i ty  must be located within 
t h e  body : 

The center-of-gravity loca t ion  a t  the  cone surface f o r  zero angle of t r i m  i s  
he re ina f t e r  ca l l ed  the  fo re  cg pos i t i on .  The locus of permissible center
of-gravi ty  loca t ions  i s  shown by t h e  so l id  l i n e  i n  f igu re  7 (c ) .  A l s o  shown 
i n  f igu re  7 by t h e  small x i s  t h e  loca t ion  of t he  center  of volume: 



- -  

3 
16(v01/v01, ) t a n  e - (.- ;2 cos-1 a + J(l + ab)2 

-	 2m [3(1 + ab)3  + ( 3  + a2)(1- b 2 ) ( 1  + ab)  
35(l - b2)2 

- 3(1- a2)(1- m]} f o r  b f 1 (19a) 

f o r  b = 1 (lgb)  

(Jb(1+ ab)2
16(vol/volc) 

~- 2b(a + b ) d n  [5(1 + ab)2 - 2(a  + 
3 n ( l  - b2)2  

f o r  b f 1 ( l g c )  

__-	 16(1 - a ) ( l  -_a2)z’2] f o r  b = 1 (lgd)
15n 

P l o t s  of t he  fo re  and a f t  cg pos i t i ons  and the  center-of-volume loca
t i o n s  a r e  shown i n  f igure  8 f o r  t h e  acceptable configurations that meet t he  
cons t ra in ts  of f i gu re  5. To show the  dependence on the  var iable  a as w e l l  
as 6 ,  l i n e s  designating the  configurations with a = 0 are included i n  the  
f igure .  For the  p a r t i c u l a r  configuration shown i n  figure 7, t h e  range of 
permissible values of (x/d)cg l l e s  between 0.44 and 0.64 and of (z/dlcg, 
between -0.25 and -0.15 with (x/d),, = 0.61 and (z/d)cv = -0.09. 

A measure of t he  r e l a t i v e  d i f f i c u l t y  i n  achieving a spec i f ic  center-of
gravi ty  loca t ion  i s  the  distance between the  desired loca t ion  and t h e  center  
of volume (ba l l a s t ing  d is tance) .  The minimum b a l l a s t i n g  distance f o r  zero 
angle of trim would be the  perpendicular dis tance from the  center  of volume 
t o  t h e  l i n e  described by equation (16). For most of t h e  configurations,  how
ever, t h i s  resu l t s  i n  s t a t i c  i n s t a b i l i t y ,  t h a t  i s ,  t he  center  of grav i ty  
would be af t  of t h e  af t  cg pos i t ion .  The dis tance f r o m t h e  center of 
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volume t o  the af t  cg i s  general ly  t h e  minimum ba l l a s t ing  dis tance f o r  t h e  
acceptable configurations.  This dis tance i s  shown i n  f igu re  9 along with t h e  
b a l l a s t i n g  dis tance t o  t h e  fo re  cg pos i t i on .  A s  t he  center  of g rav i ty  i s  
moved forward from the a f t  cg loca t ion ,  t h e  ba l l a s t ing  distance i s  
increased, making t h e  weight and balance problem progressively more d i f f i c u l t .  
For sma l l  s t a t i c  margins, t h e  b a l l a s t i n g  dis tance i s  about equal t o  t h e  v e r t i 
c a l  dispiacement required (O.O5d t o  0.10d); but ,  if more s t a b i l i t y  i s  needed, 
t h e  problem becomes more d i f f i c u l t  as the  center  of g rav i ty  approaches the  
cone surface.  

The s t a t i c  and dynamic s t a b i l i t y  der iva t ives  a re  shown i n  f igu res  10 and 
11, respect ively.  Values f o r  t h e  fo re  and a f t  cg pos i t ions  a r e  p l o t t e d  t o  
ind ica te  the limits of t h e  values f o r  zero angle of trim. For i l l u s t r a t i v e  
purposes, t h e  values f o r  t h e  p a r t i c u l a r  configuration with 6 = 60' and a = 0 
( f i g .  7) are l i s t e d  below. 

cg cma Cn13 c z P  G q  
'nr ' 2 ,  C

nP c2P 

A f t  0 0.085 -0.173 -0.069 -0.093 0.013 0.013 -0.026 
Fore -.157 .317 -.292 -.lo0 -.173 .080 .080 -.074 

The s t a t i c  s t a b i l i t y  der iva t ives  are l i n e a r  w i t h  respect  t o  center-of
gravi ty  pos i t ion ,  and the  dynamic s t a b i l i t y  der iva t ives  a r e  quadratic func
t i o n s  of center-of-gravity pos i t i on .  To show the  va r i a t ions  of t he  s t a b i l i t y  
der iva t ives  with center-of-gravi ty  pos i t ion ,  t he  functions l i s t e d  a r e  p lo t t ed  
i n  f igu re  12. This type of p l o t  can be composed r ead i ly  f o r  any of t h e  
acceptable configurations of f igu re  5 with the  a i d  of f i gu res  8, 10, and 11, 
except f o r  t he  dynamic s t a b i l i t y ,  which requires  an intermediate po in t .  This 
can be obtained from f igu re  13, which shows the  dynamic s t a b i l i t y  f o r  
(x/dlcg = 0.55. 

It may be noted t h a t  i n  the  equations f o r  the  aerodynamic coe f f i c i en t s  
( (7 )  through (13)) t he  cone half-angle,  8, i s  i so l a t ed  from the  brackets .  
Thus, the  r e s u l t s  presented here f o r  t h e  30' half-angle cone can be used t o  
determine the  r e s u l t s  f o r  other values of 8, keeping i n  mind that the  
r e s u l t s  would apply a t  a d i f f e r e n t  value of 6 (b = t a n  8 t an  6 ) .  For exam
p l e ,  equation ( 7 b )  shows t h a t  f o r  b = 1, CD = 0.356 when a = 0 and 8 = 30' 
(6 = 60~). Now, i f  8 = 40°, CD = 0.356 ( s i n  4O/sin 30)' = 0.588. This 
value of CD app l i e s  a t  b = 1, which spec i f i e s  that 6 = 50° when 8 = 40'. 
A p l o t  of L/D versus 6 constructed by this method f o r  8 = 40° i s  shown i n  
f igu re  14. The l imi t a t ion  of L/D = 1/2 can be e a s i l y  appl ied,  of course. 
The l i n e s  f o r  vol/volc = 1/2 and supersonic t r a i l i n g  edge were constructed 
i n  t h e  manner described above with the  use of f igure  6. A comparison of 
f igu res  6 and 14  shows t h a t  increasing the  cone half-angle more severely 
l i m i t s  t he  configurations that are acceptable and a l s o  decreases t h e  maximum 
L/D . 



CONCLUDING RFsIARKS 

A parametric study w a s  conducted t o  determine the  aerodynamic character
i s t i c s  of c i r c u l a r  cones modified t o  produce l i f t  by a cutoff plane t o  remove 
por t ions  of t h e  upper rearward surface.  The following conclusions can be 
drawn from t h e  inves t iga t ion .  

The Newtonian impact theory makes it poss ib le  t o  examine a wide range of 
configurations d i f f e r i n g  i n  cone angle, base plane angle, and volume r a t i o ,  
of which previously studied cutoff cones are spec ia l  cases.  The aerodynamic 
c h a r a c t e r i s t i c s  are r ead i ly  calculated as funct ions of t he  manner i n  which a 
cone i s  terminated a t  the  base.  The equations and curves presented provide 
(1)a usefu l  means t o  ind ica te  configurat ions t h a t  have acceptable design and 
s t a b i l i t y  cha rac t e r i s t f c s  and (2) a capab i l i t y  t o  study a la rge  number of 
d i f f e ren t  vehicle  shapes before r e so r t ing  t o  wind-tunnel and f r e e - f l i g h t  
tests.  

The configurat ions studied suggest t h a t  configurat ions can have accept
ab le  aerodynamic s t a b i l i t y  as wel l  as use fu l  l i f t - d r a g  r a t i o  and use fu l  
volume without i nc l in ing  t h e  a x i s  of t h e  bas i c  cone with respect  t o  the  
air stream. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett F ie ld ,  C a l i f . ,  94035, Jan.  20, 1969 
124-07-02-14-00-21 
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Figure 1.-Lift-drag r a t i o s  as funct ions of the  manner i n  which a 30' hal f -
angle cone i s  terminated. 
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Figure 2.- Configurations that r e t a i n  the cone apex, 0 = 30'. 
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Figure 3. - Configurations with L/D 2 1/2, 8 = 30°. 
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Figure 4.- Configurations with L/D 2 1/2 and supersonic t r a i l i n g  edges, 
e = 30°. 
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Figure 5.- Configurations with L/D > 1/2,  supersonic trailing edges, and 

vol/vol, 2 112; 0 = 30'. 
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Figure 6.- Lift-drag r a t i o s  f o r  acceptable configurations of f igure  5 ,  e = 30°. 
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Figure 7.- Locus of permissible center-of-gravity locations for the 
configuration w i t h  6 = 60° and a = 0, 8 = 30'. 
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Figure 8.-Centex-of-gravity and center-of-volume locations of acceptable 
configurations of figure 5 ,  e = 30°. 
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Figure 9.- Distance 	from center  of volume t o  center  of grav i ty  f o r  acceptable 
configurations of f igure  3, e = 300. 
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Figure 10.- S t a t i c  s t a b i l i t y  of acceptable configurations of f igure  5 ,  zero 
angle of trim; e = 30°. 
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Figure 11.-Dynamic s t a b i l i t y  of acceptable configurat ions of f igu re  5 ,  zero 
angle of trim; 8 = 30°. 
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Figure 12.- Variations of s t a b i l i t y  der ivat ives  with center-of-gravity 
pos i t ion  for  t h e  configuration with 6 = 60° and a' = 0, 0 = 30°. 
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Figure 14.- Lift-drag ratios for acceptable configurations, 8 = 40'. 
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